ABSTRACT -The objective of this work was to evaluate the use of vegetable extract based addictives associated or not to symbiotics as an alternative for antibiotic as growth promoters for piglets at initial phase. It was used 125 pigs of commercial genetic line with initial weight of 7.4 ± 1.1 kg, weaned at 20 days of age, during 50 days. The experimental design used was randomized blocks (initial weight), with five treatments and five replicates with five animals per experimental unit. The experimental diets were a basal diet, without additive, and other four diets, one diet containing antibiotic (colistin + zinc oxide); diet with 0.3% of a symbiotic mixture; diet with 0.3% of a symbiotic mixture plus 0.05% of herbal mix (plant extracts and microencapsulated essential oils); and another diet with 0.3% of symbiotic mixture plus 0.1% of herbal mixture. It was observed that the use of the symbiotic mixture associated to 0.05% of herbal mixture showed positive results, similar to the ones obtained with diets containing antibiotics for the final weight, average weight gain, average daily feed intake and pH of stomach and diarrhea incidence. The use of symbiotics promoted smaller vilous:depth crypt ratio, except when associated to 0.1% of herbal mixture, which was similar to the diet without addictives. There was no differences in the feed conversion, coliform and lactobacillus count in the jejune and in the cecum and in the pH of cecum. The use of herbal mixture associated to symbiotic is a viable alternative for replacing the use of antibiotics as growth promoters for piglets in the initial phase. However, the concentration of the herbal mixture is an important factor to be considered.
Introduction
The growth of intensive pig farming has forced the use of growth promoters additives to ensure satisfactory performance of the animals and to reduce the economic losses caused by pathogens. In this sense, antibiotics have been used extensively. However, there is demand for products that can replace these additives, due to the possibility of residues in the carcasses and the emergence of resistant bacteria.
The health of piglets in the early stages is important for the development of animals in later phases. The change in environment and diet after weaning is a challenge, particularly to intestinal health, which often culminates in subclinical diseases which harm the development. However, several substances have the capacity to improve the performance of weanling pigs (Estienne et al., 2005) , although the results are not always satisfactory.
Symbiotic are probiotic microorganisms associated to specific prebiotic substances that stimulate their activity and development. The exact mechanism in which this combination is preformed is not completely understood and it may occur by the production of inhibitory compounds such as lactic acid, or by competition for nutrients and adhesion sites (Alexopoulos et al., 2004) .
Few studies have been conducted in Brazil to prove the action of plant extracts as growth promoters in pigs. The results are quite controversial and inconclusive, especially when considering the types and characteristics of the products used, environmental conditions, physiological status of animals, among others.
In vitro studies conducted by Dorman & Deans (2000) have shown pronounced antimicrobial effect of essential oils of clove, thyme and oregano on pathogens and this may be linked to changes in permeability and integrity of the bacterial cell membrane (Lambert et al., 2001) . By combining this knowledge to the associated use with symbiotic, the effects obtained and the mechanisms of action in animal production are still unknown.
Thus, the objective of this study was to evaluate the use of symbiotics added or not to an herbal mixture, in place of antibiotics, for post-weaning piglets and its effects on performance and microbiological and physiological parameters of the gastrointestinal tract of animals.
Material and Methods
The experiment was conducted at the Centro Experimental de Suínos in Departamento de Zootecnia at Universidade Federal de Lavras.
It was used 125 piglets (males and females) from commercial line (Agroceres-PIC) with an initial weight of 7.4 ± 1.1 kg, weaned at 20 days of age. The animals were housed during 50 days in groups of five (three males and two females) in the nursery stall with slatted suspended floor stalls at 1.20 m of height and dimensions of 2.00 × 1.20 m, equipped with semi-automatic feeder and drinker dummy type. The internal temperature of the room was controlled through the handling of windows, heating lamps and fans after the measurement of daily maximum and minimum temperatures.
The experimental design was conducted in randomized blocks (initial weight), with five treatments and five replications. The experimental diets were: basal diet; basal diet with antibiotic (colistin + zinc oxide); basal diet with 0.3% of a symbiotic mixture (probiotic + prebiotic); basal diet with 0.3% of a symbiotic mixture plus 0.05% of herbal mix (plant extracts and microencapsulated essential oils); and basal diet with 0.3% of symbiotic mixture plus 0.1% of herbal mixture.
Diets were isocaloric and isonutrient formulated based on corn, gelatinized corn, soybean meal and powdered milk, and supplemented with vitamins and minerals to meet the requirements of high genetic piglets (pre-starter and initial phase), according to Rostagno et al. (2005) (Table 1) .
The animals were weighed at the beginning and at the end of the experiment to determine the weight gain. Feed supply and food scraps were measured daily to determine feed intake. Feed:gain ratio was determined by the feed intake/weight gain ratio.
It was also conducted the daily monitoring of the diarrhea incidence by using the methodology described by Vassallo et al. (1997) : 0 -normal feces; 1 -soft feces, 2 -paste feces and 3 -aqueous feces (diarrhea). These assessments were made daily in the morning, by the same qualified person who registered the occurrence or not of these types of feces in each experimental unit.
From the ninth to the 20 th day of the experiment, one animal per experimental unit was slaughtered after electric desensitization to measure the physiological, morphological and microbiological parameters of gastrointestinal tract. Immediately after slaughter and evisceration, pH of stomach and cecum contents were measured through incision in the ventral part of the organs, after homogenization of their contents. For this measurement, the F-1002 pHmeter was used.
For the evaluation of microbiological parameters, sections of the jejunum and cecum were isolated with a cord soaked in iodine alcohol, separated in a sterile table and stored in sterile plastic bags, put in isothermal box and immediately taken to a specialized laboratory in Belo Horizonte-MG, where the analysis for lactic acid bacteria and total coliforms were performed.
For histological tract, a fragment of approximately 2.0 cm was removed from the middle third of the jejunum. Immediately, the samples were washed in distilled water, identified and fixed in Boin (aqueous saturated of picric acid, formaldehyde and acetic acid) for 24 hours. After, the samples were washed and preserved in 70% ethanol solution for future analysis. The preparation of slides was performed at the Laboratório de Patologia Veterinária at UFLA by using the technique described by Junqueira & Junqueira (1983) with some adjustments.
The analyzed variables were average daily gain (ADG), average daily feed intake (ADFI), feed:gain, villi height, crypt depth and villi:crypt ratio of jejunum; quantity of lactic bacteria and total fecal coliforms in the jejunum and cecum, pH of the stomach and cecum, hematocrit, quantity of white blood cell and total lymphocyte and serum urea. For microbial parameters, a nonparametric statistics (chi-square) was used and the means were compared by Kruskal-Wallis test. Other data were subjected to analysis of variance after normality test (Shapiro-Wilk) and the means were compared by SNK test at 5%. All statistical analysis was performed by using the GLM procedure of SAS (SAS, 1998).
Results and Discussion
The isolated or combined additives in the diets did not affect (P>0.05) the feed:gain ratio of the piglets, but there were differences (P<0.05) in the final weight, weight gain and feed intake ( Table 2 ). The antibiotics as growth promoters showed better results but those were similar to the symbiotic associated with 0.05% of the herbal mix. The isolated use of symbiotic or the association at a high dose of herbal mix did not show good results for final weight and weight gain of the animals.
Similar results were observed by Utiyama et al. (2006) , who observed no differences in feed:gain ratio, but higher feed intake and greater weight gain when antimicrobial agents were used in comparison to diets containing no additive or probiotic, prebiotic or plant extract based in garlic, clove, cinnamon, pepper, thyme, cinnamaldehyde and eugenol for piglets from 21 to 56 days of age. 1 Vitamins supplement containg, per kg of product: vitamin A -8,000,000 IU; vitamin D 3 -1,200,000 IU; vitamin E -20,000 mg; vitamin K 3 -2,500 mg; vitamin B 1 -1,000 mg; riboflavin (B 2 ) -4,000 mg; pyridoxine (B 6 ) -2,000 mg; vitamin B 12 -20,000 mcg; niacin -25,000 mg; pantothenic acid -10,000 mg; folic acid -600 mg; biotin -50 mg; vitamin C -50,000 mg; antioxidant -125 mg. 2 Mineral supplement containing, per kg of product: selenium -500 mg; iron -70,000 mg; cupper -20,000 mg; manganese -40,000 mg; zinc -80,000 mg; iodine -800 mg; cobalt -500 mg. 3 Prebiotic and probiotic mix and butter flavour. 4 Plant extract and microencapsulated essential oils of cinnamon, clove, garlic, oregano, chamomile, eucalyptus and black and red pepper. Hermann et al. (2003) found no significant difference in performance of starter pigs using the extract of Echinacea purpurea and carbadox in relation to the control diet. Similar results were obtained by Fukayama et al. (2005) and Pedroso et al. (2005) . This last work compared herbal extract based on thyme, clove and oregano in a combination with different concentrations of antimicrobial agents (colistin, bacitracin and olaquindox) and a basal diet without promoters.
With regard to the symbiotic, Budiño et al. (2006) observed better performance of piglets with the use of symbiotics, compared to the basal diet alone or with antibiotics or probiotics.The authors suggested that those results were related to a possible reduction of the coliforms in the jejunum. Nevertheless, they found no reduction in the incidence of diarrhea. On the other hand, Sanchez et al. (2006) found similar performance of the animals when they used probiotics, prebiotics or symbiotics compared to antibiotics.
The performance of the animals which received no additives was similar to the others. This fact indicated that the experimental conditions were favorable from the standpoint of health. This shows that besides the quantity of the herbal extract used, the environmental conditions also influence the variability of results in the literature.
Anyway, the higher performance of the animals in the nursery phase represents greater slaughter weight or a decrease in the number of days until slaughter.
The mechanisms of plant extracts in experiments with animals have not been fully clarified and verified. Santurio et al. (2007) found in in vitro experiments that essential oils from oregano and thyme are effective against Salmonella, but the variations among the serovars should be considered. According to these authors, the literature lacks studies that effectively classify the bactericidal activity of essential oils. In in vivo experiments, Namkung et al. (2004) also found a reduction of intestinal coliforms for piglets, but they have found no effect on intestinal morphology.
With respect to microbiological parameters of the jejunum and cecum, no effect (P>0.05) was observed among the different combinations of additives in the diets (Table 3) . Numerically, data confirm the observation of Namkung et al. (2004) , but the variation in the results of the present work did not permit the identification of statistical differences. At the same time, the highest concentration of the extract increased the number of Lactobacillus. This suggests that the antimicrobial effect of plant extracts influences directly the digestive physiology of animals.
Literature reports that the effect of the diets on the intestinal flora is more evident after weaning, when animals are more susceptible to colonization by pathogenic bacteria. This is due to the sudden change of diet and environment yonder contact with other animal litters, which favors the microbial imbalance. Still, Namkung et al. (2004) , Oetting et al. (2006) and Utiyama et al. (2006) observed no differences when using herbal extracts and antibiotics as growth promoters in the diets of piglets. According to studies cited by Pedroso et al. (2005) , the intestinal microbiota is wide and only 400 species are known, many of which are rarely detected by traditional methods of cultivation. This fact may have created difficulties finding any statistical differences for this variable. Jamroz & Kamel (2002) suggested that supplementation with plant extracts increases the digestibility of nutrients and promotes a balanced microflora. This reduces the potential for adhesion of pathogens to the intestinal epithelium, representing one of mechanisms by which the symbiotic acts. According to Fuller et al. (1989) , beneficial bacteria would be favored in the gastrointestinal tract, preventing colonization of pathogenic bacteria in the mucosa. Moreover, these pathogenic bacteria would also be harmed by the use of oligosaccharides (prebiotics) which bind to their sites of adhesion. It was verified, by the same authors, that some bacteria can also produce enzymes that enhance the digestion of nutrients, for example, lactase and galactosidase. Chesson (1994) proposed that probiotics may have immunomodulatory action due to the production of glycopeptides and other metabolites. Based on these arguments, it can be inferred that the environmental conditions which animals are subjected to and the presence of undesirable bacteria may directly influence the results.
Regarding the stomach and cecal pH, no effect (P>0.05) of combinations of additives on the pH of the cecum of the animals on the 9 th and 20 th days was observed, although there were differences (P<0.05) in the pH of the stomach on the 20 th day of the experiment (Table 4 ). In this phase of the life of the animal, a lower pH is favorable to improve the conditions of the enzymes, and to discourage the growth of pathogenic microorganisms in the gastrointestinal tract. Wang & Bourne (1998) proposed that some herbal extracts can also stimulate the pancreatic secretion, which is linked to the improvement of nutrient digestibility. Lewis et al. (2004) and Oetting et al. (2006) founded no significant numerical increase of pancreas weight when using the herbal extracts. Lee et al. (2003) observed an increase of intestinal amylase activity in chickens at 21 days of age receiving a combination of plant extracts in the diet, and trypsin at 46 days of age, concluding that the sensitivity of the endogenous enzymes can be modified by the plant extracts according to the age of the animal. This could explain the results obtained by Oetting et al. (2006) , who observed an increase in dry matter digestibility when testing herbal extract consisting of essential oil of clove, thyme and oregano, added to the active ingredients eugenol and carvacrol. This diet was compared to the control diet or one containing a combination of antimicrobials (olaquindox, colistin and bacitracin). However, the authors observed greater villi height and better performance of the animals when using antimicrobials in the diets.
A significant effect (P<0.05) for combinations of additives in jejunal morphometry (Table 5 ) was observed. On the ninth day of the experiment, there were greater villous heights with the use of antibiotics, symbiotic and symbiotic associated with the lower dose of the herbal extract. Despite the greater crypts depth at the twentieth day, there was less villous:crypt ratio in this period with these same diets. This may have promoted, to some extent, the absorption of nutrients and improved the performance of animals at this stage, explaining the results of weight gain obtained in this study.
The use of high concentration of herbal extract damaged the villous height in this period for an unknown reason. The non-increase of coliforms in this period ruled out the possibility of injury by microorganisms and the similarity between the crypts depths rule out the possibility of an inflammatory reaction. These results point again that the plant extracts can be used in diets for to replace antibiotics inasmuch as the appropriate concentration is used.
As for the fecal score during the experimental period, the symbiotic combination of antibiotics and 0.05% of herbal extracts improved (P<0.05) the feces conditions because it has improved its consistency (firmer stool) (P<0.01) and decreased the diarrhea incidence (P<0.05; Table 6 ).
Growth promoting additives can act on the animal organism by reducing the microbial population, decreasing the fermentation of carbohydrates and the incidence of diarrhea (Anderson et al., 1999) . At this stage of the animal production, reducing the incidence of diarrhea reflects the improvement of the physiological and immunological characteristics, ensuring best performance.
Conclusions
The use of 0.3% of symbiotic associated to 0.05% of herbal mix showed the best results when compared to other associations of these products and the diets without antibiotics. However, when these results are compared to the diets added with antibiotics, further studies should be conducted to obtain more information about it, especially when it replaces them in the nursery phase. 
